Purpose: We sought to determine the long-term (median follow-up, 7.5 years) predictive power of human MutS homologue 2 (MSH2) immunohistochemical expression in patients who enrolled in the International Adjuvant Lung Trial.
Platinum compounds are a hallmark of chemotherapy against cancer due to their DNA binding capacity, which results in DNA damage and cell death. A single DNA cross-link, if not repairable, can be lethal. The processing of cross-links in mammalian cells is not clearly understood. However, it is known that their processing may involve components belonging to different DNA excision repair pathways, including the nucleotide excision repair (NER) pathway and the mismatch repair (MMR) pathway (1) . The role that DNA excision repair pathways play in mediating platinum resistance has been studied for many years, first in the preclinical, and more recently, in the clinical setting (2) . The underlying hypothesis of these studies is that a reduced capacity by tumor cells to excise platinum-DNA adducts increases cell sensitivity to chemotherapy, which in turn may translate into a clinical benefit.
In 2004, the International Adjuvant Lung Trial (IALT) was the first and still is the largest clinical trial to establish that patients with non-small cell lung cancer (NSCLC) benefited from adjuvant cisplatin-based chemotherapy after their tumors have been surgically completely removed (3) . A benefit from platinum-based adjuvant chemotherapy was further validated by the results of the ANITA, CALGB, and JBR10 trials, and by their meta-analysis (4) (5) (6) (7) . When the survival data in the IALT were updated in 2007, however, an improvement of the long-term overall survival from chemotherapy could no longer be observed due to an excess of late deaths in patients who underwent chemotherapy (8) .
The IALT-BIO study was designed to examine whether a limited number of markers predicted survival in relationship with chemotherapy. To reduce the risk of falsepositive results due to multiple comparisons, the significance level was set at P = 0.01. Initially, 19 markers belonging to five groups were studied: drug transporters, DNA repair, cell cycle regulators, signal transduction, and apoptosis. Only excision repair cross-complementation group 1 (ERCC1), a key NER protein also involved in homologous recombination (9) and maintenance of telomeres (10) , significantly predicted (P = 0.009) the short-term survival benefit of chemotherapy (11) . Patients with low ERCC1 expression benefited from chemotherapy, whereas those with high ERCC1 expression did not. Among the other markers, the closest to significantly predict the benefit of chemotherapy was the cyclin-dependent kinase inhibitor P27 (P = 0.02; ref. 12) . Furthermore, when ERCC1 and P27 were combined, the predictive values further increased (13) . Other markers were either more weakly associated to the benefit of chemotherapy or not associated at all (14, 15) .
The results with ERCC1 pointed to the potential of studying the expression of DNA repair genes to tailor the use of adjuvant chemotherapy in lung cancer. Except for ERCC1, no DNA repair gene was included in the initial IALT-Bio analysis. In a second phase of IALT-Bio, we thus tried to increase the predictive power of ERCC1 by examining the expression of MutS homologue 2 (MSH2), a gene that is crucially involved in the repair of cisplatin-DNA cross-links. MSH2, which is frequently mutated in hereditary nonpolyposis colon cancer, encodes a critical protein of the MMR pathway (16) . MSH2 binds to DNA mismatches, thereby initiating DNA repair. In addition to its function in the MMR pathway, MSH2 also recognizes and binds to cisplatin-induced DNA interstrand cross-links, thereby initiating their excision and repair (17, 18) . MSH2 is required to repair interstrand cross-links in mammalian cells, in which it physically interacts with the NER pathway component ERCC1 (19) . During the recombinational repair processing of interstrand cross-links, MSH2 cooperates with several components of DNA damage repair pathways, including ERCC1, REV1, components of the Fanconi anemia pathway, and homologous recombination repair factors (20) . Reduced MSH2 expression by tumor cells was reported in 10% to 58% of NSCLC (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) . A recent study reported that the loss of MSH2 expression in tumors from patients with advanced NSCLC led to higher rates of response to oxaliplatin-based chemotherapy, but not to cisplatin-based chemotherapy (30) . In a larger study of genetic polymorphisms among patients with advanced NSCLC, the MSH2 gIV12-6T>C variant was associated with low MSH2 expression and better response to cisplatin, but the authors did not report a direct relationship between MSH2 expression and chemotherapy benefit (29) .
Using the long-term overall survival IALT data that were updated in 2007, we looked again at ERCC1 and studied for the first time the predictive power of MSH2 and the potential of combining MSH2 and ERCC1 to identify patients who benefited durably from chemotherapy. We also report the results of the combined analysis of MSH2 and P27 and discuss the potential usefulness of combining these markers.
Materials and Methods
Patients and study design. All patients had participated in the IALT study (1,867 patients). The IALT-Bio study was designed by a steering committee to examine whether tumor markers assessed by immunohistochemical analysis could be used to predict survival in relationship with chemotherapy. The study was conducted according to a detailed protocol that stressed the importance of collecting all samples within the participating centers and required a large number of tumor samples to ensure adequate power for prognostic and predictive analyses. All 50 IALT centers which had enrolled 10 or more patients (total 1,468 patients) were solicited to participate in the IALT-Bio study. Twenty-eight centers in 14 countries agreed to participate. From their 1,045 patients, they contributed 867 blocks, which represents an overall completeness rate of 83%. Approval was obtained from the local institutional review boards, according to the legal regulations in each participating country. All tumors were reviewed centrally at the Centre Hospitalier Universitaire Albert Michallon, according to the histopathologic classification system adopted by the WHO in 2004 (31) . After tissue collection and a pathologic review, 783 tissue blocks were included in the IALT-Bio study. The fixation procedure depended on each center and was not registered.
Translational Relevance
We report for the first time the ability of two DNA repair proteins MSH2 and ERCC1 and of the cyclindependent kinase inhibitor P27 to predict the longterm (median follow-up, 7.5 years) benefit from adjuvant cisplatin-based chemotherapy in the International Adjuvant Lung Trial. As the magnitude of benefit from chemotherapy decreased with time, the results emphasize the importance of long-term follow-up in clinical trials and translational studies. Our opinion is that ERCC1, MSH2, and P27 are the three most promising markers of the benefit of adjuvant cisplatin-based chemotherapy and should be tested in priority in validation studies. After validation, the most efficacious markers will be used in the clinical practice either alone or in combination for recognizing patients unlikely to benefit from conventional platinum-based therapies and to which new agents that are active in advanced stages of lung cancer can be proposed in the adjuvant setting.
The quality of slides after H&E staining, referred throughout the article as slide quality, was semiquantitatively classified into two categories (average and good) taking into account staining contrast as well as cell integrity and morphologic appearance.
Tissue microarray construction. Three representative tumor areas were selected for each case. Cores measuring 0.6 mm in diameter and 5 mm in length (spots) were arrayed following a map. Among the 783 IALT-Bio tissue blocks that contained tumor material, triplicate spots were obtained in 768 (98%) cases. Random spots were compared with the original blocks to verify the agreement between their coordinates and the original samples.
MSH2 immunostaining. Immunostaining was done following a standard procedure using the Vectastain Elite kit with NovaRED (Vector Laboratories) as the substrate and Mayer's hematoxylin as the counterstain. The primary antibody was the mouse monoclonal antibody FE11 (Calbiochem) raised against the COOH-terminal fragment of human MSH2. For epitope retrieval, slides were heated at 98°C for 1 h in 10 mmol/L citrate buffer (pH 7.3). Sections were incubated at room temperature for 90 min with the FE11 antibody at a dilution of 1:50. The freshly cut tissue microarray (TMA) sections were manually immunostained in a single experiment that included a tonsil section as an external control.
Evaluation of MSH2 immunostaining. Two investigators (N.S.K. and P.F.), who were blinded to clinical data, independently evaluated MSH2 nuclear reactivity. The TMA slides were scanned at high resolution (VM3 virtual scanner, Ziemens), enabling the study of an identical highquality image at ×20 magnification for each spot for detailed evaluation.
The spots were carefully examined for reactive lung or stromal cells (endothelial cells and fibroblasts), which served as an internal positive control. Spots without a valid internal control were discarded. Cases for which no valid tumor spot could be evaluated were excluded.
Staining intensity was graded on a scale of 0 to 3, using the expression level in fibroblasts or endothelial cells as a reference (defined a priori as a score of 2). The percentage of reactive tumor cells was graded on a scale of 0% to 100%. A proportion score was assigned to the percentage of reactive tumor nuclei: 0 was assigned if 0% of reactive tumor nuclei were found; 0.1 was assigned if 1% to 9% were found; 0.5 was assigned if 10% to 49% were found; and 1 was assigned if ≥50% of reactive tumor nuclei were present. This proportion score was multiplied by the staining intensity to obtain a histology score (H-score) for each patient (11) . All discordant cases were reviewed to reach a consensus.
Statistical analysis. Long-term IALT survival data were used, with median follow-up of 7.5 years (8) . A logistic model stratified by center was used to compare patients with high MSH2 and low MSH2 tumors.
The prognostic values of the biomarker status and chemotherapy for overall survival were studied using the Cox model. As in the main IALT analysis (3), the Cox model included every factor used in the stratified randomization (center, tumor stage, and type of surgery) plus clinical and histologic prognostic factors (age, sex, WHO performance status, nodal status, lymphoid infiltration, and the revised histopathologic type). All other factors that were statistically related to the biomarker status in the multivariate logistic model (P < 0.05) were added to the Cox model.
The predictive value of the biomarker was studied by testing the interaction between the biomarker status and the allocated treatment (chemotherapy versus observation) in the same Cox model. Tests of homogeneity of the hazard ratios were done within the Cox model. For the joint analysis of MSH2 and ERCC1, the Cox model included the same variables as above together with three variables indicating the status of the combination of MSH2 and ERCC1 and a different treatment variable for each of the four combinations. All reported P values were two sided. In the IALT-Bio analysis plan, P values below 0.01 were considered as statistically significant to limit the risk of false-positive results. Survival rates were estimated using the Kaplan-Meier method (all P values indicated, besides Kaplan-Meier curves, were adjusted P values corresponding to the Cox analysis).
All analyses were done using the SAS software, version 9.1 (SAS Institute, Inc.) and curves were drawn with the Tigre software.
Results
MSH2 expression. Among the 768 patients whose tumor was included in the TMA, no tumor material could be analyzed after immunohistochemistry in 34 (4%) cases. After excluding the cases without valid internal controls, the H-scores were evaluated in 673 of 768 (88%) patients.
The H-scores were as follows: 0.2 in 1 case (0%), 1 in 52 cases (8%), 2 in 363 cases (54%), and 3 in 257 cases (38%). The median H-score was 2, which was chosen to separate high MSH2 cases (H-score = 3) and low MSH2 cases (H-score < 3). There were 257 (38%) high MSH2 cases and 416 (62%) low MSH2 cases. Figure 1 shows examples of high MSH2 and low MSH2 cases. MSH2 expression and baseline clinical characteristics. The relationships between MSH2 expression and the clinical characteristics are provided in Table 1 . The proportion of adenocarcinomas was lower (P = 0.002) for high MSH2 cases (20%) than for low MSH2 cases (37%). The morphologic slide quality after H&E staining was associated with MSH2 expression (P = 0.01).
In a logistic model adjusted on sex and slide quality, histology differed according to MSH2 expression, with fewer adenocarcinomas among patients with high MSH2 tumors (P = 0.006).
The 673 cases included in the MSH2 analysis differed from the 95 cases excluded in terms of histology (P < 0.001), type of surgery (P = 0.02), and slide quality (P = 0.01; there were fewer squamous cell carcinomas, fewer pneumonectomies, and lower slide quality in excluded cases).
Overall survival and adjuvant chemotherapy. For the group of patients included in the MSH2 analysis (673 patients), the adjusted hazard ratio for death associated with chemotherapy compared with observation was 0.88 [95% confidence interval (95% CI), 0.72-1.07; P = 0.21]. The 5-year overall survival rates were 47% (95% CI, 41%-52%) in the chemotherapy arm, and 44% (95% CI, 39-49%) in the control arm. The 8-year overall survival rates were 36% (95% CI, 31-42%) in the chemotherapy arm and 37% (95% CI, 32-43%) in the control arm.
Effect of chemotherapy on overall survival according to MSH2 expression. Overall, the test for interaction between chemotherapy and MSH2 gave a P value of 0.06 in the Cox model including slide quality and histologic type. In the low-MSH2 group, there was a trend for overall survival to be longer in the chemotherapy arm than in the control arm (adjusted hazard ratio for death, 0.76; 95% CI, 0.59-0.97; P = 0.03; Table 2 ; Fig. 2A ). The 5-year overall survival rates among patients with low MSH2 tumors were 49% (95% CI, 43-56%) in the chemotherapy arm and 41% (95% CI, 34-48%) in the control arm. The 8-year overall survival rates among patients with low MSH2 tumors were 38% (95% CI, 32-45%) in the chemotherapy arm and 36% (95% CI, 30-43%) in the control arm. Among patients with low MHS2 tumors, median overall survival tended to be 16 months longer in the chemotherapy arm (58 months) than in the control arm (42 months). In the high MSH2 group, there was no difference in the overall survival between the chemotherapy arm and the control arm (adjusted hazard ratio for death, 1.12; 95% CI, 0.81-1.55; P = 0.48; Table 2 , Fig. 2B ). The 5-year overall survival rates among patients with high MSH2 tumors were 42% (95% CI, 34-51%) in the chemotherapy arm and 49% (95% CI, 40-58%) in the control arm. The 8-year overall survival rates among patients with high MSH2 tumors were 34% (95% CI, 25-43%) in the chemotherapy arm and 39% (95% CI, 31-49%) in the control arm.
Prognostic effect of MSH2 expression on overall survival. In the control arm, high MSH2 compared with low MSH2 was associated with an adjusted hazard ratio for death of 0.66 (95% CI, 0.49-0.90; P = 0.01). Median overall survival tended to be 16 months longer in the high MSH2 group (58 months) than in the low MSH2 group (42 months).
In the chemotherapy arm, there was no difference in overall survival between high MSH2 and low MSH2 tumors (adjusted hazard ratio for death, 0.99; 95% CI, 0.74-1.32; P = 0.93).
Effect of chemotherapy on overall survival according to MSH2 and ERCC1 expression. The expression levels of MSH2 and ERCC1 were both available for 658 patients (84% of the 783 patients included in IALT-Bio). In a subanalysis of these 658 patients, the test for interaction between chemotherapy and the markers gave borderline P values (P = 0.05 for MSH2 and P = 0.04 for ERCC1).
In the low MSH2 group (404 patients), the adjusted hazard ratio for death associated with chemotherapy versus observation was 0.75 (95% CI, 0.58-0.98; P = 0.03; Table 3 ). In the high MSH2 group (254 patients), there was no difference in the overall survival between the chemotherapy arm and the control arm (adjusted hazard ratio for death, 1.14; 95% CI, 0.82-1.57; P = 0.44).
Among these 658 patients, the adjusted hazard ratio for death associated with chemotherapy versus observation Kaplan-Meier estimates of the probability of overall survival according to treatment with chemotherapy. Survival rates were estimated with the use of the Kaplan-Meier method. The P values beside the curves are those of the adjusted Cox model. A, overall survival according to treatment in patients with low MSH2 tumors. The adjusted hazard ratio for death in the chemotherapy group, compared with the control group, was 0.76 (95% CI, 0.59-0.97; P = 0.03). B, overall survival according to treatment in high MSH2 tumors. The adjusted hazard ratio for death in the chemotherapy group, compared with the control group, was 1.12 (95% CI, 0.81-1.55; P = 0.48). C, overall survival according to the combined low MSH2/low ERCC1 subgroup. The adjusted hazard ratio for death in the chemotherapy group, compared with the control group, was 0.65 (95% CI, 0.47-0.91; P = 0.01). D, overall survival according to the combined high MSH2/high ERCC1 subgroup. The adjusted hazard ratio for death associated with chemotherapy was 1.32 (95% CI, 0.88-1.99; P = 0.19). E, overall survival according to the combined low MSH2/high ERCC1 subgroup. The hazard ratio for death in the chemotherapy group, compared with the control group, was 1.32 (95% CI 0.88-1.99; P = 0.71). F, overall survival according to the combined high MSH2/low ERCC1 subgroup. The hazard ratio for death in the chemotherapy group, compared with the control group, was 0.90 (95% CI, 0.52-1.55; P = 0.70).
was 0.73 (95% CI, 0.55-0.96; P = 0.03) in the low ERCC1 group (354 patients; Table 3 ). In the high ERCC1 group (304 patients), there was no difference in overall survival between the chemotherapy arm and the control arm (adjusted hazard ratio for death, 1.11; 95% CI, 0.83-1.50; P = 0.49).
Relationships between MSH2 and ERCC1 expression. The proportion of high MSH2 cases was 29% (104 of 354 cases) in the low ERCC1 group and 49% (150 of 304 cases) in the high ERCC1 group (P < 0.001). The association of MSH2 with ERCC1 remained in a model adjusted on slide quality and histologic type (P < 0.001).
Predictive value of combining MSH2 and ERCC1. The effect of chemotherapy was examined in the following subgroups defined by combining MSH2 and ERCC1: low MSH2/low ERCC1, high MSH2/high ERCC1, low MSH2/ high ERCC1, and high MSH2/low ERCC1 (Fig. 2C-F) . The test for heterogeneity when considering these four subgroups was not significant (P = 0.07). The differential effect of chemotherapy for patients with high MSH2 tumors compared with those with low MSH2 lesions was similar among patients with high ERCC1 and among patients with low ERCC1 tumors (P = 0.94), i.e., the ratio of the hazard ratios associated with MSH2 among patients with low ERCC1 (0.90/0.65) was equal to that among patients with high ERCC1 tumors (1.32/0.92; Table 3 ).
In the combined low MSH2/low ERCC1 subgroup, overall survival was 21 months longer in the chemotherapy arm (55 months) than in the control arm (34 months; adjusted hazard ratio for death, 0.65; 95% CI, 0.47-0.91; P = 0.01; Fig. 2C ). In the high MSH2/high ERCC1 subgroup, the hazard ratio for death associated with chemotherapy was 1.32 (95% CI, 0.88-1.99; P = 0.19; Fig. 2D ). The adjusted hazard ratio for death associated with chemotherapy when one marker was expressed at high levels (either MSH2 or ERCC1 but not both) was 0.91 (95% CI, 0.65-1.28; P = 0.60). When we defined a score by counting the number of high MSH2 and ERCC1 markers in the above-defined subgroups (allocating a score of 0 for no marker at high levels, 1 for 1 marker at high levels, and 2 for 2 markers at high levels), the test for trend of a decreasing effect of chemotherapy with an increasing score was significant (P trend = 0.01; P heterogeneity = 0.02).
Predictive value of combining MSH2 and P27. Like for MSH2 and ERCC1, the effect of chemotherapy was examined in the following subgroups defined by combining MSH2 and P27: low MSH2/low P27, high MSH2/high P27, low MSH2/high P27, and high MSH2/low P27. The test for heterogeneity when considering these four subgroups was not significant (P = 0.11). The differential effect of chemotherapy for patients with high MSH2 tumors compared with those with low MSH2 tumors was similar among patients with high P27 and among patients with low P27 tumors (P = 0.91), i.e., the ratio of the hazard ratios associated with MSH2 among patients with low P27 (0.92/0.65) was equal to that among patients with high P27 tumors (1.31/0.88).
In the combined low MSH2/low P27 subgroup, the hazard ratio for death was reduced by chemotherapy (adjusted hazard ratio for death, 0.65; 95% CI, 0.46-0.93; P = 0.01). In the high MSH2/high P27 subgroup, the hazard ratio for death associated with chemotherapy was 1.31 (95% CI, 0.85-2.01; P = 0.22). The adjusted hazard ratio for death associated with chemotherapy when one marker was expressed at high levels (either MSH2 or P27 but not both) was 0.90 (95% CI, 0.67-1.21; P = 0.50). When we defined a score by counting the number of high MSH2 and P27 markers in the above-defined subgroups (allocating a score of 0 for no marker at high levels, 1 for 1 marker at high levels, and 2 for 2 markers at high levels), the test for trend of a decreasing effect of chemotherapy with an increasing score was significant (P trend = 0.01; P heterogeneity = 0.05). 
Discussion
Complete resection of tumor followed by adjuvant platinum-based chemotherapy plays a central role as a curative treatment for NSCLC. However, in close relationship with pathologic stage, only 23% to 67% of patients are still alive at 5 years after the initial treatment with curative intent (32) . Recurrences that account for mortality occur most commonly at distant extrathoracic sites. Beyond 5 years, the mortality rate decreases strongly, such that survivors may thereafter entertain a substantial hope to be cured. Here, we report that the expression by tumors of two crucial DNA excision repair proteins, MSH2 and ERCC1, were associated, albeit not significantly considering the significance level that was set at 0.01, with patients who benefited durably (with median follow-up of over 7 years) from cisplatin-based chemotherapy in the largest clinical trial of adjuvant chemotherapy for lung cancer. Considering the early and possible late toxicity of platinum-based chemotherapy (3, 8) , the evaluation of MSH2 and ERCC1 expression may have a strong potential to be useful to tailor individual chemotherapy after complete surgical removal of NSCLC.
In the present study, we could show that the combination of MSH2 and ERCC1 was superior to the use of either one of the marker alone for the prediction of the longterm chemotherapy benefit. When low levels of MSH2 or ERCC1 were considered separately, there was a trend for chemotherapy to reduce the hazard for death by ∼25% for each of the two markers. However, when MSH2 and ERCC1 were considered jointly and when the proteins were both expressed at low levels, the hazard for death was reduced by 35% in favor of chemotherapy. In this subgroup (38% of patients) defined by both low MSH2 and low ERCC1, patients who underwent chemotherapy had a median survival of 55 months, whereas those who were left to observation after surgery had a median survival of 34 months, which translates into a gain of 21 months in favor of chemotherapy (P = 0.01). The tests for heterogeneity for the two markers combined were not significant, but consistent with their independence (P = 0.07 and P = 0.02), suggesting that the loss of MSH2 and that of ERCC1 may act cumulatively. Because assessments of the function of the proteins are not possible in archival material, we can only assume that the low protein levels were indeed associated with impaired DNA repair activity. Although experimental evidence supports that MSH2 and ERCC1 proteins cooperate in a common process of excision and repair of cisplatin-induced DNA adducts (19, 20) , the broad substrate range of the MMR and the NER, on the other hand, may suggest that one pathway may take care of lesions that are not repaired by the other (33) . The combined use of the two markers may give a better evaluation of the repair of cisplatininduced cross-links. The study of other DNA repair factors may still improve the accuracy of the prediction.
Among the 19 protein markers that were initially planned for study in the first phase of IALT-Bio, P27 had emerged as a borderline significant predictor of the shortterm benefit of chemotherapy (P = 0.02). Here, we also report that MSH2 could be combined with P27 to predict the long-term benefit of chemotherapy, although the tests for heterogeneity for the combinations of MSH2 and P27 (P = 0.10 and P = 0.05) could not establish that they were independent. Data showing that ERCC1 and P27 could also be combined for a better prediction of the benefit of chemotherapy have been previously shown by our group (13) . All together, our results are consistent with the view that ERCC1, MSH2, and P27 function in a common pathway in response to cisplatin-DNA adducts, as cell cycle arrest may be required for DNA repair to occur. The numbers for the joint analysis of MSH2 with P27 and that of MSH2 with ERCC1 were similar. With regard to the future use of predictive biomarkers alone or in combination in the clinical practice, the choice between the three most promising markers that were uncovered by IALT-Bio will be determined by the results of validation studies.
Before our report, there were only few indirect hints that MSH2 expression could predict the benefit of platinumbased chemotherapy (29, 30) . The discovery of predictive markers requires their study in a large cohort of patients enrolled in a randomized trial such as the IALT. Then, the markers can be correlated with sufficient statistical power to survival data and to treatment. Here, the results were strengthened by the use of two-sided statistical tests in a Cox model that was adjusted on cancer-specific and trial-specific factors, including potential confounding variables, such as histologic type, slide quality, and center. The relative protein expression levels were assessed by directly comparing the levels in tumor cells to those in surrounding pulmonary or stromal cells. The primary antibody for MSH2 is a well-known reagent used in the clinical setting to help for the pathologic diagnosis of MMR defect in colon cancer. Our hypothesis was that low levels of MSH2 would predict a benefit from chemotherapy because our previous analysis of ERCC1 using the short-term IALT survival data have shown such relationship between low levels of the DNA repair protein and the short-term benefit from chemotherapy. However, it is known that MMR-defective tumors such as hereditary nonpolyposis colon cancer may be resistant to treatment with alkylating agents (34) . The MMR defect results in microsatellite instability that inactivates many proapoptotic and DNA damage response genes (35) . The frequent loss of MSH2 in lung cancer cells is well documented (21-30) but MMR defects and the resulting microsatellite instability appear rare in lung cancer (36) . The consequences of MSH2 loss are organ specific (37) , which may explain why MSH2 loss may have opposite consequences on sensitivity to chemotherapy in lung and colon cancers.
The specificity of the 8F1 monoclonal antibody has been debated (38) . We have shown (HeLa and A549) that 8F1 could discriminate cells in which ERCC1 was expressed and isogenic strains in which ERCC1 expression was knocked down by small interfering RNA (39) . Recently, Bhagwat et al. (40) showed that 8F1 recognized a second antigen in skin fibroblasts from patients with XPF deficiency-an antigen that migrated as a second band closely above the ERCC1 band in Western blot. Unfortunately, the authors did not bring further data that might clearly identify the nature of the additional band, and therefore, the possibility that it is an unknown ERCC1 isoform remains open. Further, it was proposed, because HeLa cells do not have appreciable amounts of the additional band, that these cells would be inappropriate for use as either positive or negative control for validating 8F1. Therefore, in addition to A549 and HeLa, we investigated several other carcinoma cell lines and found similar results (the data are part of an ongoing investigation), meaning that the additional band with a slightly higher molecular weight in skin fibroblasts, and discussed in Bhagwat et al. (40) , actually might have limited interest in the study of most lung carcinomas.
As previously mentioned, when the IALT cohort was studied with median follow-up of 5 years, chemotherapy reduced the mortality by 4% (3), and ERCC1 low levels were found significantly (P < 0.01) associated with a reduction of the hazard for death of 35% in favor of chemotherapy (11) . Regarding the long-term benefit from chemotherapy, the numbers for MSH2 were almost exactly those seen for ERCC1 ( Table 3 ), suggesting that the longterm predictive abilities of MSH2 and ERCC1 are similar. As the magnitude of benefit from chemotherapy decreases with time, the predictive ability of the markers seems likewise to decrease. Possible unexplained late chemotherapyrelated mortality and other factors may be involved (8) . The results emphasize the importance of long-term follow-up of patients enrolled in clinical trials and translational studies (41) .
It is also noteworthy that in the control arm, patients whose tumors expressed high levels of the DNA excision repair proteins survived longer than those whose tumors did not. A high capacity to repair DNA seems to act as a barrier against the occurrence of a more aggressive cancer phenotype but may not allow patients to benefit from DNA damaging drugs such as cisplatin (42) .
Several predictors for the benefit from adjuvant chemotherapy for lung cancer have now been published, including factors involved in DNA synthesis (43) or regulation of the cell cycle (12) as well as mutations in KRAS and TP53 (44) , and a lung metagene model reported by Potti and colleagues (45) . A comprehensive view of all these predictors is needed together with a validation of the most interesting ones on other completed trials. The most promising markers will be incorporated in future trials to select patients unlikely to benefit from conventional platinumbased therapies and to which new agents that are active in advanced stages of lung cancer can be proposed in the adjuvant setting (41) . In our opinion, expression of genes that are directly involved in the repair of cisplatin-DNA adducts such as MSH2 and ERCC1 as well as genes involved in cell events that are required for DNA repair to occur, including genes involved in cell cycle arrest such as P27 and DNA damage response genes, should be tested in priority in future trials.
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